Searching PAJ 



1/1 A— >' 



PATENT ABSTRACTS OF JAPAN 



(1 i Publication number : 11 -256256 

(43)Date of publication of application : 21.09.1999 



(SDIntCL 


C22C 9/06 




HOU 23/48 



(21) Application number : 10-073607 (71)App!icant : KOBE STEEL LTD 

(22) Date of filing : 06.03.1 998 (72)Inventor : MATSUI TAKASHI 

KANAO KENJI 
ISONO MASAAK1 
MANAKO TAKAHIRO 
MARUO SATOSHI 



(54) COPPER ALLOY FOR ELECTRIC AND ELECTRONIC PARTS 
(5 7) Abstract 

PROBLEM TO BE SOLVED: To furthermore improve the stamping workability (the reduction of the wear of a 
stamping die and the burrs and sagging in a copper alloy subjected to punching) of a Cu-Ni-Si series alloy while 
satisfactorily maintaining its strength, electric conductivity, stress relaxation resistance and plating properties. 
SOLUTION: This invension is composed of a copper alloy having a compsn. contg.. by weight 0.1 to 4.0% Ni, 0.01 to 
1.0% Si, 0.01 to 5.096 Zn and 0.0001 to 0.005% S, furthermore contg. one or > two kinds of elements selected from 
the group of 0.00003 to 0.003% Se. 0.00003 to 0.003% Te, 0.00003 to 0.003% Sb and 0.00003 to 0.003% Bi by 0.00003 
to 0.005% in total, and the balance Cu with inevitable impurities. 
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(57) 

[SDi] C u - N i - S i li 

[jB^R] N i : 0. 1-4. Owt Si: 
0. 01-1. OwtX, Zn:0. 0 1-5. Owt 
%. S : 0. 0 0 0 1 -0. 0 0 5wt%^tU £ 
^:Se : 0. 00003-0. 0 0 3 w t % , Te: 
0. 0 0 0 0 3-0. 0 0 3wt% 4 Sb : 0. 000 
03-0. 0 0 3w t %. B i : 0. 00003-0. 

o o 3wt %om&r)miRLiz7z%<Dimxi*2m&>± 

$^T0. 0 0 0 0 3-0. 0 0 5wt%^tL, ^ 
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[f»*Sl] Ni : 0. 1-4. Owt 36, S i : 
0. 01-1. Owtl Zn:0. 01-5. Owt 
36, S : 0. 0 0 5wt%OT^tl, Se:0. 0 
03wt 36&T. T e : 0. 0 0 3 w t %£TF. S b : 
0 . 0 0 3 w t %&T* B i : 0 . 0 0 3 w t %UT(D 
&£QMRbrz7tm?>imXte2m&±$:&mT0. 0 
0 5 w t ^T^rU WC u&tf^MT&4W> 

tB*3S2l N i : 0. 1-4. Ow t %, S i : 
0. 01-1. Owt36, Zn:0. 01-5. Owt 
56, S:0. 0 0 0 1 -0. 0 0 5wt%mb, S 
e : 0. 00003-0. 0 0 3wt%, Te:0. 0 

0 0 0 3-0. 0 0 3wt%, Sb : 0. 0 0 0 0 3- 
0. 0 0 3wt%, Bi : 0. 00003-0. 003 

w t x©#«fco»iLfc7c#0 imx\$2m&±££wt 

TO. 0 0 0 0 3-0. 0 0 5wt%^fl, 

u ripf »*T»*«ft e ^ 5 c t t r * ^ ^ > tr 

M*S3] S'6IlPb:0. 0 0 0 1 -0. 0 5w 
t 56, C:0. 0001-0. Olwt XOim&KlWl 
Urc7C^Ol@Xti2@^^ffT0. 0 0 0 1 -0. 0 

5 w t * ^ t-rsis^ 1 x\t 2 \zm 

'[»*S4] ^^iIP:0. 0 0 0 1 -0. lwt 
36, A 1 : 0. 0005-0. 3wt XOS^^SRL 
fcl«XH2fI£'&ffT0. 0001-0. 3wt%^ 

wr* n t fcttat-tsffiaas 1 - 3 v^rnMzm®. 

[@$JI5] 2£tCMg:0. 001-1. 5wt% 

^wrs - i: &4#a sts^Ji 1 - 4 o^rn*MiiE 

tW*3l6j $^t^Mn:0. 001-0. 5wt 
36. Fe : 0. 0 0 1 -0. 0 3wt%*». Co: 
0. 001-0. lwtX, Ag:0. 0 0 0 3-0. 

1 w t 36, Cr:0. 0005-0. 0 1 wt%, Z 

r : 0. 0005-0. 0 1 w t 36, T i : 0. 000 
5-0. 0 lwtX©^^^LfciaiXtt2ffim± 
££ff"T0. 0 0 0 3-0. 7wt%ttt^C(!:^ 
©(tTSffil^ 1 - 5 <0^Ttt^CR«£ttfcX* > tf 

>?mx&\z&tLzw.§aL - m?3&%m&&. 
imaum 73 $ 5 ick&^s 3 0 p P m^T. 

1 - 6 <d K-rtifr izmm 3 tut * * > t; > ^jraitt ic» 

[fit*E8l ££>t;iSn:0. 01-8. Owt 36^ 



$ n fc x * > t: > yjoxit (c «ns • ^ 

[0 0 0 1 ] 
[0 0 0 2] 

k y u- a cd u - k mmom>hh % t > « □ * ^ ^ asm 

#j£*t£Jt0IC, Cu-Ni-SI^S^tLT. #1 
*fcf«f§§¥8 - 3 1 9 5 2 7^&«lc»£3ftXV><5J: 
3^. Ni : 0. 4 — 4. 0 w t 56, S i : 0. 1 — 
1. Ow t 36, Zn: 1. 0^-2! Owt.X, C r : 
0. 0 0 0 1 -0. 0 1wt%, Mg:0. 0 0 0 1 — 
0. OOlwtX, Rtf^ElZUSUT, Mn : 0. 0 1 
-0. lwt 56, A 1 : 0. 0001-0. 0 lwt % 

[0 0 0 3] 5 

irixtt. tffc^ftoit^tcfl^x, rr 
st*.*jt«>, ^n^^ihu, ssasBHrr a 

x£ n& t z \z&±?zrt »j\ fcWj: c 
t*«3i<s^$ns«t^^oX€rfc. ±E«s#^tc*5 
i>xt>, x^>tf>^pxic^uxn+^<h^^Ar. 

[0 0 0 4] 

n i - s i ^^&(D5*«, m%iimift&* «e> 

^>b o >^^c0^^^fT^^j!jDX^nfc^^(C^ 
[0 0 0 5] 

fiUi§&fflfift*H. Ni : 0. 1-4. Owt 36, Si : 
0. 01-1. Owt 56. Zn:0. 01-5. Owt 
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S : 0. 0 0 5w t %£TF£^TU S e : 0. 0 
0 3 w t %^T, T e : 0 . 0 0 3 w t %UT. S b : 
0 . 0 0 3 w t %&T. B i : 0 . 0 0 3 w t %&T<D 

3„ SlmUTti, 0. 0 0 0 1 -0. 0 0 5wt%C7) 
SOTftT, Se, Te, Sb, Bi (U±£ A3*7Ciii<b 
(COUTte, Se:0. 00003-0. 003 
wtJfi, Te:0. 0 0 0 0 3-0. 0 0 3wt%, S 
b : 0. 00003-0. 0 0 3wt%, Bi : 0. 0 
0 0 0 3-0. 0 0 3 w t %<9&®f*JT. Zftt><D\m 
Xtt2SJ^±€r^H-T0. 00003-0. 005wt 

[0006] ±ism^ • ■TOiafflffl^tt. 

®Pb: 0. 0001-0. 0 5wtS6, C : 0. 00 
0 1-0. 01wt%©^ (BTtmt^^) ^omri, 
fc7c3R©lSXtt2aS^ff-T0 t . 0 0 0 1-0. 0 5 
wt%,®P:0. 0 0 0 1 -0. lwtX, Al : 
0. 0 0 0 5-0. 3wt *©» <C#7CSSS<fcU5) 
£M&L£lQ;5Ui2§££ff-TO. 0 0 0 1 -0. 3 
wt%, ®Mg:0. 001-1. 5wt%, ®Mn : 
0. 001-0. 5wtX, Fe:0. 001-0. 0 
3wt%^|, Co:0. 001-0. lwt%, A 
g : 0. 0 0 0 3-0. lwtX, Cr:0. 0 0 0 5 
-0. 01wt%, Zr:0. 0 0 0 5-0. Olwt 
%. Ti :0. 0005-0. 0 1wt%(D^ (D&tc 

0 0 0 3-0. 7wtXS, B-D, Mg£-t*H?n# 

[0 0 0 7] ±E€^ • tt^iS&fflffi^tt, 
i^30p pmJ^T, 3kJfr£#g£ 1 0 p pm£(Tl:l 

S&CSn:0. 0 1-8. 0wt%^tt 

[ 0 0 0 8] 

(nd Nitisi tthizmto-r&ctiz&Ds n i 
#tt£ifi3±3-&*2Mi£;rr*. o. ivft%&mr\* 

?iK tot. Ni<B££glJ0. 1-4. OwtXi 
T*. 

(Si) S i teN i tt?b\zm\\~tZ>Z.t\Z£K). Ni 

-s i{t£t> ©&teatf»jsa«*d 

#1i£fa±£i*3^£#T3 0 0. 0 1wt%^T 



<ft^. {tot, Si©£Wfitt0. 0 1-1. Owt 
[0 0 0 9] (Zn) IHT-f ^U-va>tt©fiI±. S 

^tr?>. o. o i w t x*»Ttt*<0sa*#fc<, 
5. owt %&iA§<i:fWiTt, ttA/fcTgntt 

Jtf&fc'f*. ffi^T, 0. 0 1-5. 0w 

[ooio] (s) «-&*(c*jtasn5t, yux^ 

0. 0 0 5wt!«£8ATtfntAg 
£^ TfcfcS, &&*\Z#\,*TJ&& 

3n*Mg-S<t£tt0ga*iSfloU Agg>o££?To 

fca&raatfca. ft^t. s^fitao. 0001- 

0. 0 0-5wtXtt5. 

[0 0 11] (A^tc^: Se, Te, Sb. Bi) d 

nz<D5tm\$z<mmTbm&&\mmt<tLz>t, mm 
t\-^^>e>y3toxtt$(nj±3-&*. tot, ruz 

^>tf>^0X$nfc'J-K7U-A, iS^t^mM 

[0 0 12] H&iCO&HttS e. Te, Sb. BiO^ 

g#0. 0 0 3wt%^, ^^^cnb^^it^w 
g#0. 0 0 5 w t XfcjgAfcWftKte. ^CO^lCA 
g^-^# <«£2R, £fr?£, Cn^,^ 

TcStPfct©^*, fcswicne^Tc&ts. cu, 

A K Ag, Co, Cr, Fe, Ni, Sn, Pb, Z 

x^M^o^iijn^%^L^T^o «Eot. cine, 

<^)7C^cD^Wtt«, S e : 0 . 0 0 3 w t 36 T 
e : 0. 0 0 3wt%^T, Sb : 0. 0 0 3wt%^ 
T. Bi : 0. 0 0 3w t *&T©!PM: 9 SKLfcTC* 
CDlfflXtt2®UU:£0. 0 0 5w t %&TTfttttttf 
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TS#. Se : 0. 00003-0. 0 0 3wt%, T 
e:0. 00003-0. 0 0 3wt%, Sb:0. 0 
0003-0. 0 0 3wt%, B i : 0. 0 0 0 0 3- 
0. 0 0 3w t *©«M:0»RLfcl£Xtt2SJU±<0 
£i|-*Wft#0. 0 0 0 0 3-0. 0 0 5wt%T^ 

[0 0 13] &&m&m\zftftTz±ft<o{t£ 

1 0 0 0a/mm^jBA5tAg*ofrO3tiRft#3^ 
Sft^ftS^tt. 0. l/tm^i©^1 0 0 0i/ 
[0 0 1 4] (B^tc^ : Pb, C) cn&07C*tt, _ 

K0. 0 0 0 1wt%^Oi:tH «T»0S»***+» 
Tfc^. Pb: 0. 0 5wtS6tt7LX«C : 0. 

o lwt *-5^tt^ni&©6^*ra!&< 
o. 05wt%^i^«i: ( mm&x \mvimmm<Dm 

t£oT, Pb:0. 0 0 0 1 -0. 0 5wt%, C: 
0. 0 0 0 1-0. Olwt^WcfcOMUcTC^ 
iaX«2@^^fhT0. 0001-0. 0 5wt%t 

[0 0 15) (C^7C^:P. Al) Cn^^fH 

ffifiR£efc#T*8MI£*tr3. P:0. 0 0 0 lwt 
%m Al : 0. 0 0 0 5wt%^ttH fM 

P : 0. lwt%i^, Al : 0. 3wt%i^^t, 

aswi^nstaiaxt^ao^two. 3wt%& 

©Iftiflattt^fllT-r*. fi£^T. P : 0. 0 0 0 1- 
0. lwt%, Al : 0. 0005-0. 3w t %09S* 
^6>S^bfciaxti2S€:^fffT0. 0 0 0 1 -0. 

[0 0 16] (Mg) §8££f;»rt££, 

2b(C, f7>fyi/->3>ttO|Rl±, tffelS 

TS. i8»*©S£Mg-Sfb£fe«!:LTH£ 

u ^rajtaxtt^efcs-rs. o. ooiwt%*ssT« 
*<z>»iij&*fc<. i. 5wt%^i^t. jg^^tttt 



a£>. -tO^S^O. 0 0 1-1. 5 w t * KMRgT 

xtt^^srffia&^frtticfe^s^TLs. **>tr 

>^ftIXtt©iE^e»ttM gRt^S tt*^*3&*S* 

•a*, s^+twfiFfiE-rsMg-sit^tt^jgjtou. 
^ t * ft -d Tz m & tc kss c m g - s ft-&* co 

gft^-l#JtJP^^^ <hcfc < . &4fiDMgtti-(wtX) 
£ [Mg] , S£W* (wt%) £ [S] 

0.2 5 [Mg] £ [S] 

[0017] (D»7C*:Mn, Fe, Co, Ag. C 
r, Zr, Ti) £ttS©7C#ttV>rftfc*£&<D9i 

*3^U-ftLt)Mn : 0. 0 0 lwt Fe : 0. 

0 0 1 w t %£ft. C o : 0 . 0 0 1 w t %5fe«, A 
g : 0 . 0 0 0 3 w t 36*», C r. : 0 . 0005wt 
Z r : 0 . 0 0 0 5 w t Ti : 0. 0 

0£fW 0 . 0 0 0. 3 w t ^©S»£j&*-H*. 
Tfcl>. £tt&<07C*$n>Tttrt>#, Mn : 0. 

5 w t F e : 0. 0 3 w t SfiELh, C o : 0. 

lwtXB*., Ag : 0. lwtSSB*.. Cr : 0. 0 
lwt%ii Z r : 0. 0 lwt T i : 0. 

oiwt%iA^t. *svitt^ne»oiaxtt2S£A 

XO^fi-^0. 7wt *fJPf©JittRrX# 
WITT^.fot, Mn:0. 0 0 1-0. 5w 
t%, Fe : 0. 001-0. 03wt , C 

o : 0. 001-0. lwt%,Ag:0. 0 0 0 3 — 
0. lwt*. Cr:0. 0 0 0 5-0. 0 1 wt%. 
Zr:0. 0005-0. 0 1wt%, T i : 0. 00 
0 5-0. 0 1 wt 960^SSKLfciaXtt2ajU 
iS^W-TO. 0 0 0 3-0. 7 w t %t-T-6o fcfc, 

i&taLfc»£tt, toX&fflg£fMC«k:3TttD#7C*<D 

[0018] (£«) MH^^^^Wtt^ 3 0 p 

^OMfe&TKcfcoT. &&#£7)fjn, ffitfJPXl£c9{g 
*3^T. 8E5fc£W&©a£U>il6ffltt2 0 p pmWT, 

setcss ut^iitti s ppm^raa. *e 
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[0019] (tK^) *-&&<D7km$1imtf lOppm 

£ & £ £?t o tz&ommz j; o Tfign^t < 

fc*. ^T, 1 0 p pmt(Ttt^. * 

»«*ic*5V>t [H] 2 [O] = 3-1 o oco&aii;:& 

^C^T't^) ( [H] : £&*lC£#$ft5*3M| 
(ppm). [O] : (p P 

m) ) . 

[0 0 2 0] (Sn) CufcffiKHfcLT, _&SU«M 

4aifiiHas$&(ciRiji$-&*. o. oiwtx*siTtt 
*-©£Mij&«/h£<, 8. owt«SjBA<&tf^ra*px** 

HL<&D, iW£0tTt)^<?i§. foT, Sn 
0. 0 1-8. 0wt%it^,, 
[0 0 2 1] awsfjSt^t^T 

m^xm^om^ \zt sxgic £o Tiaer* c 

[0 0 2 2] ^HJII#^^^H^JEE1i, ftlfflffi 

fi^ffl^icN i - s i {t£tt£«ifi3i*Ta<L$n*fc 

\z/Rtfftmti<Dmmu&<D&mn&mzmw&mtt? 

tfi. NiMS i 60^3tae^^:^«'&^«rffifi*^j: 

k *%wo^^©^a«! ! s*^tt. ^ias 4 o o 



-6 0 or, WF B l5-6 0 0MIfflttltfJ:U B 
[0 0 2 3] £&, *RW<D&£\$mMW±r)X\$ J t 

£T*»&g£fT^T<b«fcK #Ji±(3<0«£eDflDX* 
2 0 0-5 0 0tx5^5W« (tmPJ8fi«x 

sua«s#i$ra> . mm.mmtpzm>z>m&\$3 o o- 

8 0 01CX 1 0-3 0 0S>«# (TOiUii^gXliJ^ 

[0024] ±m<D£oiz. ftm±.oxi*imm±Q^ 
-?n<DM^x%^z>m&\zio^xh* ^ofrMJi^zw- 

fffcnfflRmiz&ft&9imjitn<D&&&&W2 O^m^ 

if>^inxLfet$otfo©«±^#<^5. 

Z^>hr>^tt©fttfJDXI^»C*^»(^3^T. :*U> 

z^>e>^nx^cDti*o, ft^anx^©m5SEn, 

ftfrfSB©i«nRWfeS©jS^6tt, gil&littl 5/zm 

W©ffl^ttXy^>^JPXtt«bA»TftO. X'y^> 
^'^DXffiCOU— K7 U—A^Ut l,Xh%M2)Z.Ltfi~C 

[0 0 2 5] *^0ffliT*SU-K7l/-Att, S 
i ✓>^XgH*5UT2 0.0- 

3 5 O'Cizmf&ZtlZ. H J V#> : T4>>f<DlM\Z& 

^x\t, mmn<Dmt*m±t &tzwzmn\*^-7k 

&^<Q*&<D&\%&±\zM±T&c±fim^1tib* 

te&*\zmtET*mm i b&<&z>ittb> «ats^c 
> mtmwftttfc tbmmLxziCz mm& $ 
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max) AM. 0 MmB*i;:fc5 itft{tlR©ig»tt^fi 

Z.<D&frt>* afflaStt. Ra:0. 
T, Mmax: 1. 0 tfmHTT*5:^iSL 

[0 0 2 6] *3£93£&lC*3UTtt, ^±«^ 

fc7C*^ft(C, B, Ca, Sc, V, Ge, As, S 
r , Y, .Nb, Mo, Rh, Pd, Cd, In, ft±M 
itm. Hf. Ta, W, Re, Os, Pt, Auftt^ 

&**ns i sxti 2 a^±©7c^$#7c* o . ooo 

lwt%~0. lwtX, &H-0. 0 0 0 1-0. 3 w 



[0 0 2 7] 
< jSJKfll 1 ) 

itNo. 1-2 4co^co^^^'J7h;i/*ptCj:0 
»#U ^u/^^-^KI^jtL, l$5 0mm, fg 9 
0mm, ^ 2 0 0mm^^H[U; o 

t>fc (No. 2 3£Rfc<) . 
[0 0 2 8] 
W11 



Na 


Cu 


N i 




Zn 
fft% 


wtf 


Sn 
wt% 


& 


mm 








H 

wrtppra 


0 
wtppm 


1 


Bal. 


0.15 


0.07 


0.05 


0.01 




0.0005 


Se:0. 00005 
Te:0. 00004 
Sb:0.0001 
Bi:0. 0001 


Pb:0.0003 
C : 0.0003 


P :O.00O5 
AI:D.D006 


Mn:0.006 
Fe:0.003 
Cr:0.001 


0.8 


8 


2 


Bal. 


0.4 


0.14 


0.15 


0.04 




0.0005 


Se:0. 00005 
TeiO. 00004 
Sb:0. 0001 
Bi:0.0001 


Pb:0.0003 
C :0.0003 


P :0. 001 
Al: 0,0008 


Fe:0. 007 
Zr:0.0007 
Ti:0.Q0Q6 
Ag: 0.0005 


1.5 


13 


3 


Bal. 


1.0 


0.2 


0.5 


0.03 




0.0022 


f ii8: 88^ 

Sb:0.O003 
Bi:0. 00008 


Pb:0.01 
C :0.0004 


P :0,05 
AhO.01 


ifo:0.06 

Fe:0.012 

CorO.Ol 

Ag:0.008 

Cr:0.009 


0.6 


20 


4 


Bal. 


1.8 


0.4 


0.5 


0.08 




0.0022 


Se: 0.0001 
Te:0.O0005 
Sb:0.0004 
Bi:0. 0003 


Pb:0.004 
C :0.0001 


P :0.01 
Al ;0. 05 


MnrO.ll 
Fe:0.02 
Co:0.06 
Ag:0.01 
Cr:0.0007 


0.9 


21 


5 


Bal. 


1.8 


0.4 


4.5 


0. 12 




0. 0030 


Se:0.0001 
Te:0. 0001 
Sb:0. 0002 
Bi:0.0003 


Pb:0.0025 
C :0.0003 j 


P :0.006 
AU0.0006 


^18:88? 

CnO.001 


1.5 


8 


6 


Bal. 


1.8 


0.4 


1.05 


0.25 




0.0035 


Se:0.0007 
Te: 0.0007 
Sb:0. 00012 
Bi:0.00005 


Pb:0.0030 
C :0.0005 


P :0.003 
AhO.0001 


Mn:0.005 
Fe: 0.003 


1.2 


12 


7 


Bal. 


1.8 


0.4 


1.15 


0.5 




0. 0033 


Se: 0.0005 
Bi:0.0001 


Pb: 0.0015 
C :0.0004 


P : 0.0004 
41:0.15 


Mn: 0.008 
Fe: 0.003 


2.2 


6 



[0 0 2 9] 



I«2] 
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112 : £<k<omm>% 



Nq 


Cu 


N i 


S i 


Z n 
wt% 


Mb 


S n 


S 




BSf sf 






H 
wtppa 


0 
wtppra 


8 


fial. 


1.8 


0.4 


0.25 


1.5 




0.0011 


Se:0. 0002 
Te: 0.0001 
Sb:0.0008 
Bi:0.0002 


Pb:0.0O3O 
C :0.001 


P :0.0O9 
Al:0.03 


to:0. 02 


2.2 


3 


9 


Bal. 


2.5 


0.55 


1.25 


0. 15 


— 


0.0010 


Se:0.0005 
Te:O.00O4 
Sb:0.0015 
Bi:0.0005 


Pb:0.0025 
C :0.0005 


P :0.O5 
Al:0.O2 


Fe:0.02 
Zr:0. 005 
Ag:0.05 


1.8 


6 


10 


Bal. 


3.2 


0.7 


1.3S 


0.21 


_ 


0.0022 


Se:0.0004 
Te:0. 0007 
Sb:0.0012 
Bi:0.0003 


Pb: 0.0026 
C : 0.0006 


P :0.03 
Al:0.O5 


Mn:0.07 
Fe:0 025 
Cr:0."0007 


2.2 


5 


11 


Bal. 


1.8 


0.4 


1.10 


0.51 


0.02 


O.0015 


Se:0.001 
Te:0 001 
Sb:0.*001 
Bi:0.0003 


Pb:0.040 
C :0.0007 


P :0.04 
A 1:0. 0006 


Mn:0.01 
Fe*0 OAS 
Ag:0.007 , 


2.3 


4 


12 


Bal. 


1.8 


0.4 


0.43 


0.50 


0.5 


0.0028 


Se:0.0005 
Te:0.0001 
Sb:0. 0007 
Bi:0.0001 


Pb: 0.035 
C :0.0011 


P :0.05 
Al: 0.0013 


Mn:0. 1 
FerO.Ol 
Co: 0.05 
Ti:0. 005 


1.9 


7 


13 


Bal. 


1.8 


0.4 


0.55 


0. 44 


4.05 


0.0038 


Se:0.0002 
Te:0.0001 
Sb:0.0008 
Bi:0. 0002 


Pb:0.051 
C :0.0009 


P :0.01 
Al:0.01 


FerO.Ol 
Cr:0. 05 
Ti:0. 005 


1.8 


9 


14 


Bal. 


1.8 


0.4 


1.32 


0.22 


7.26 


0.0055 


Se:0. 0003 
Te:0. 0004 
Sb:0.0008 
Bi:0.0001 


Pb:0.0027 
C :0.0007 


P :G.004 
Al:0.0022 


MnrO. 02 
Fe:0.03 
Co:0.02 
Zr: 0.005 


1.1 


13 
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Cu 


wtjf 


s J 

wtjf 






Sn 




wtX 






D8 W 


H 
trtppni 


0 
wtppn 


15 


Bal. 


0.06 
* 


0.021 


0.05 


0.006 




0.0021 


Se:0.O001 
Te: 0.00005 
Sb:0.0003 
BirO.0001 


Pb:0. 0015 
C :0.0003 


P :0.02 
Al:0.0O5 


fcHtffi 

Zr:0. 0006 


0.6 


27 


16 


Bal. 


4.5* 


1.2 * 


0.05 


0. 12 




0.0031 


Se:0.0001 

mm 

Bi:0. 0003 


Pb:0. D026 
C :O.00O4 


P :0.03 
Al:0.0O4 


nun 


1.9 


5 


17 


Bal. 


1.8 


0.4 


0.006* 


0.12 




0.0031 


Se:0.OO02 
Te:O.O002 
Sb:0.0005 
Bi:0. OO05 


Pb:0. 0018 
C :O.000I 


P :0,05 
AhO.Ol 


Co:0.005 
Ag:0. 05 


1.2 


10 


18 


Bal. 


1.8 


0.4 


1.05 


1.9 * 




0. 0017 


Se: 0.0005 
Te:O.OO03 
Sb:0.0011 
Bi:0.001 


Pb:0.02 
C :0.0002 


P :0.01 
Al:0.0O5 


Mn:0.007 
Fe:0.007 
Zr:0.001 


1.0 


12 


19 


Bal. 


1.8 


0.4 


0.65 


0.12 


9.0* 


0.0012 


Se:0. 0007 
Te:0. 0003 
Sb:0. 002 
Bj:0. 0005 


Pb:O.0I 
C :0.0002 


P :0.008 
Al:0.005 


Cr:0. 002 
Ti:0. 003 


1.4 


9 
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314 : £&(D&#m. 





Cu 


N i 
wt% 


S i 
wt* 


Zn 
wt* 


wtf 


Sn 


S 


n% 






wtjt 


H 
wtppra 


O 
wippm 


20 


Bal. 


1.8 


0.4 


0.47 


0.11 




0.0026 


Se:O.00D5 
Te: 0.0003 
Sb:0.0014 
Bi:0.0001 


Pb:0.0035 
C :0.0013 


P :0. 015 
Al :0. 002 


Mn:0.65 * 
Fe:0 02 
Co:0: 15 


2,1 


6 . 


21 


Bal. 


1.8 


0.4 


0.46 


0.51 




0.0023 


Se:0.0001 

i C • (J. lAAi 1 

Sb:0.0001 
Bi:0.0001 


Pb:0.0024 
r .n ODOR 


P :0.11 * 
a i • n fin? 


Co:0.05 
7r*n nrK 

Lit U. UUj 


1.5 


8 


22 


Bal. 


1.8 


0.4 


0.44 


0.50 





0.0021 


Se:0.0015 
Te-0 0008 
Sbi0i0033* 
Bi:0.0010 


Pb:0.0025 
C : 0.0005 


P :0.005 
Al:0.004 


Ag:0.02 


1.3 


10 


23 


Bat. 


1.8 


0.4 


0.45 


0.50 




0.0025 


Se:0.0001 
Te:0.0001 
Sb:0.0002 
Bi:0. 00003 


Pb:0.0023 
C :0.0005 


P :0.005 
Al:0.003 


Mn:0.02 
Fe:0.0l 
Ti:0.005 


U * 


1 


24 


Bal, 


1.8 


0.4 


0.44 


0.50 




0.0015 


Se:O.0O3 
Te: 0.0001 
Sb: 0.0006 
Bi:0.0001 


Pb:0.035 
C :0.001 


P :0.02 
Al:0.002 


Co: 0.01 
Ag:0.08 
Zr: O.005 


0.8 


33 * 



[0032] comm^9 3or:\zimmmm^ 

1 S.mm^T^JEEtT, 7 5 Op&±T?&&£^7 
o. 18^, Sn^tI^8%^i^No. 19& 

&&#p ©^«©*u»n o . 2i£&rau ^#mco 

7 5 0-8 5 0tl:#fiL, &fflBES£frofc.'. 
No. 16, No. 19fttfNo. 2 1^tt§®^ 

No. 2 3^ttJSft3i^sgffia5tc*5ViT6^f!l 
tt#%£Lfc#, :SSim»£I^LT-tCD»<DXg£ji 

[0 0 3 3] s»jg«-*i. ^®o^ftx^r-;i/^^TOtc 

R££U 0. 3 5 7mm t STftraEStfc. &£U 
No. 1 8^^4 J T^#m^L<^-pfcfc^EM 
£*ihU &&©Xg«r»BL&*^&. -tOft. 
ftfl?fc«)(l6 5 0-8 5 0°C\Z2 0#fBMRLfc». * 

«*W3 0a6©*KJBE£Srfr-pTKW0. 2 5mmi: 
U 4 4 0- 5 0 0 t CT2Btr«1^^g^fTo^c 

[0 0 3 4) <£&5c*0£#S£;tf *g©#tfr> 

T, J I Sl;i^$nTUa^ (Zn, Mn, Ni, 
Fe, Co, Cr, P, Si, Al, Se, Te, P 
b. As) , I CP-MS, GD-MS, M^ffiftffifc 



J I S-Hl 0 6 7lw£j£$*rc^**fe 

LT/S zKUte, J I S-Z 2 6 1 4 tC&^ 
$ftXlri*;£ffiT»£Lfc. #tt**£Ol>T3I5]W3£ 

[0 0 3 5] <i*!gtt£> 

• fcj i s 5^tmtf-£3joxu gi560»$t#t;s3i^ 

mmm] j ishosos n«5£snxv>s*&tcs 
siisctt«;iim*»y^u^'j r/5 7 5 2^ 

[tftapg#{i] J I S H 3 1 3 0 Clo't, > h 

&umz£K>&uiz&rt&frMztofrmzmi£L. Kb 

[0 0 3 6] ^l^^g)2tC^-TJ:-5tc, 4@ 1 OmmCO 
SMWH £Jt&£*£i£(;:T, fiS (1) 8 0mmOM 
^K»M-©I5^(7)8 0%Otetfj£^£tt}jaU 
JDLfcttfiTl 6 0tTl 0 0 0^raffi^l>fc»J6^£ 

fe** (a : 1 0mm) <hJt^ £|&5&L£<b£tf)£&ffi 
Ul) £M!£U ^SCtCj:^XJC^afD*^a!lSU 



(9) 



1 1-256256 



(%) = (£1/(5) X 1 0 0 

mmti (a) «*aizj:^T3?ttisns. 

a= (3XEX txi) / (2X1!) 

o : mmJi=wkK<omi)x o. 8 

E : tt»fr©iT>y* (N/mm») 
t :-tt»H-©Sff=0. 2 5mm 
[0 0 3 7] USfittft] »||&gttEjS#flK¥fTfc 
«Wrffi»Cl*^T«jp*IfiICDte^ttft& J I S-HO 5 0 

3«£JWUfc 0 0-2 0 0«) . 

tttt^*o$*ffoT»f»iitttt*W3(ELfc. Hi 0 
mm, 5 0mm©M^^^W^ 1 OSI^S 

>Ki-fii9 3g/i. 7;u*y-^x;u7*>Kffi 

3. 5g/l' t 7;^>^7*>8l0 0g/K » 
JlOffl3 0cc/l 90Sn/10 P b teAy£«& 

(4 Or) T«te££3A/dm 2 KT«i>o£JP 
$ 1 0 /im09 OSn/1 0 P b \$hjfi$>r> %%MV 
fc. i 5 ott-^ni 0 0 OftfflftlJR 

U 2mmRT18 0° fttf fc&TOl-E&tf R U ffltf 



[0 0 3 8] [Ag^^tffl &SHShk!3«2 5mm, 
££5 OmmOKW^l 0fflt"T3SIfeU &WkftlZ 
fl&Ii, Bfftft. ">7>%AgJi)oM^HTf$ 1 u 
m0*3tKAg«>-3#£fT-3&. -toft, Agtf>->t^ 

tC4 0 OtTlMMlT, ^<n©**£MEU 

fc. 5 MmfiU^fcOfc^gtbTft*. 1 cm*fcfc 

[0 0 3 9] [Se, Te, S bXttB i ££tffl:£tt 
Effl £tt**J:B 1 Omm x 1 0mmOTH^2W 
^»LTf^i^EDXT'l^l (if :X10O 
0-3 0 0 0) , affiKK^StlS&^tBEDXX-^ 
MI/fciD. Se, Te. S bXteB i <Oo *><D 1 gJ^ 

fttt^l^UTlmmX 1 m 

lmm0®H$4lH]zay^LT, -t©^fi|*iBflS^t 
LTfflH. S£0. 1 um^ASfeOOfflftdU 0 0 
Offl/mm^Tafe^SOtMffiL, 1 0 0 0B/m 
m^iA^'bO^xiMLL fcfc, I^mt h 

SMS 8 OOLV^lfM (SEM 
/EDX) Srfflli, JtaitWEW;! 5 k Vt^, 
[0 0 4 0] <«S*>*tt^0BiaEJ|g*£S5RCf^6 

[0 0 4 1] 
[«5] 
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«M£¥l 1-2 5 62 56 



3*5 :^(Om 



Na 


kgf/nnn 2 


% 


kgf/nur 


% O60TC) 






1 


43. 3 


22 


34.5 


43 


9.0 


o . 


2 


50. 1 


40. 1 


40 


40 


8.0 


o 


3 


55.6 


16 


• 47.1 


25 


7.5 


o 


4 


67.2 


14.0 


61.5 


17 


7.5 


0 


5 


70.5 


13.5 


65.1 


18 


7.5 


0 


6 


68.7 


14.0 


62.6 


14 


7.5 


0 


7 


70.1 


13.5 


64.0 


12 


7.5 


o 


8 


73.2 


11.6 


67.6 


11 


7.5 


o 


9 


75.3 


12.5 


65.6 


15 


7.0 


o 


10 


81.4 


11.3 


67.1 


12 


7,0 


0 


1) 


68.1 


14.5 


62.1 


17 


7.5 


o 


12 


69.5 


14.0 


63.6 


18 


7.5 


o 


13 


65.3 


12.8 


. 59.6 


18 


7.5 


o 


14 


71.6 


11.3 


65.3 


18 


•7.5 


— 


15 


38.1 


25.1 


27.6 


52 


15.0 


o 


1G 


— 


— 


— 


— 


— 


— 


17 


66.8 


14.5 


58.9 


17 


7,5 


50GHr#J|$ 


18 


— 


— 




— 


— 


— 


19 














20 


68.0 


10.6 


62,1 


17 


7.5 


0 


21 














22 


67.3 


14.0 


60.8 


17 


7.5 


0 


23 


66.5 


14.3 


60.4 


18 


7.5 


o 


24 


67.1 


11.3 


60.7 


17 


7.5 


o 
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«BI¥ 1 1 - 2 5 6 2 5 6 



^6 :&&<Dm 



Na 


Ag£^>£ 






(Se,Te,Sb,Bi) 


mm 
Sacs 


1 


0 


o 


0 


0 


58.6 


2 


O 


o 


o 


O 


51.4 


3 


O 


o 


o 


O 


49.3 


4 


0 


0 


0 


0 


44.5 


5 


O 


0 


0 


0 


42.3 


6 


O 


o 


0 


o 


43.4 , 


7 


O 


o 


0 


0 


40.1 


8 


O 


o 


o 


o 


36.2 


9 


o 


o 


0 


o 


41.5 


10 


o 


o 


0 


0 


37. S 


11 


o 


o 


o 


o 


43.1 


12 


o 


o 


o 


o 


40.6 


13 


o 


o 


o 


o 


17.8 


14 


o 


o 


o 


o 


12.5 


15 


o 


o 


X 


o 


63.1 


16 


- 


- 


- 


- 


- 


17 


o 


o 


0 


o 


45.1 


18 


- 


- 


- 


- 


- 


19 












20 


o 


o 


o 


0 


43.1 


21 












22 


X 


o 


o 


X 


44.5 


23 


o 


X 


o 


0 


44.3 


24 


o 


X 


o 


o 


45.1 



[0 0 4 3] ^t:^U:«^nNo. 1- 
No. 1411, U-h*7lx-A, y&Fl*2 2-te£<» 

IT, No. 15H N i RtfMgC!><&#a##&W© 

ti^e*«^Lfc. tvx. n i &us i o**ra#* 
%w©±i6ffl$i8ASNo. nil m&*\zmnifift 

7tt. &/vtd®?$rf5 0 oraTiWU Mg^tl 
n^a3&«*%^C0±ISfiiS:ieA5No. 19 Km®® 

[0044] D& (Mn. Fe, Co, Ag, C r . Z 
r, Tl) CQ7C*©SWS^*»^co±lfiM*iaASN 



o. 2 0teNo. 4£tt^T#OTH-#T£i:<, fttfllD 
(P, Al) C07c3d<D^Wg***«W^±lB 

m^no. 2 lus&sfijn^^u, ^n&mGD 
xm&&tb*ztt>vF*i&~e$>z>iz* (se, t 
e, sb, b i) <D7tm(D^m^^m<D±mm^m 

KStT.$*<n#S££U AgftotSrfraffl^^jiffl-r 
[ 0 0 4 5 3 2 ) 
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1 1 - 2 5 6 2 5 6 



U *itl*»i6K:J:-3T, JPc 1 5 Omm, $g6 0 0m 

[0 0 4 6] 
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o 


CO 


CO 
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US 

d 


3 

Q 
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oooo 


§88 
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--si 

dddd 


is 

do* 
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u 


ss 
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(NO 

SS 

oo 


SS 

dd 
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dd 
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So 

dd 
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m 


do 
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do 
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£o 
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NO 
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do 
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< 
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o'o'cDO* 
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oooo 
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oooo 

dddo' 


oooo 
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oooo 
oooo 

odd o" 
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tOt— < LOCO 


a> cjxi— 




| 
d 


1 

d 


i 

d 


8 

d 


o 
o 

d 




1 


1 


I 


oo 
<ri 


1 




§ 
o 

CD 


o 


S3 
d 


d 


§ 
d 




to 

O 

d 


ITS 


d 


CO 

o 


S 

d 


— 


S 

d 


d 


CD 

d 


d 






d 


oo 

C3 


oo 


oo 
r— 


CO 


o 


*rt 

OQ 


ea 


"5 

oa 


ca 






uc 

CO 


CM 


r— 


CO 
CO 
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[0 0 4 7] u©iM9 3 0t:t;iB»|ii, /p c 
1 5mmif^E3g£UT. 7 0 OTC^*52fc?&L*t. m 

fflEtm&ff^TO . 3 5 7mmt(^)-J<MMU;. 

u 440-50 ox:x~ 2 mm<D&Mm%?r'Drz< l mm 
mm<Dmm%m<Dmmz&mz&vm£L. umz 
&isfz, &&&<Dn-i)i\z'?Kx. mmmi(Dmmx\ 

iBSELfc. fcfc. 34 ))><D£&BLTfi1jgJjft\Z&\,*X* ft. 
ft. feft. »««ttKR^®«*-£W3iEU*ti:-r5, 

[0 0 4 8] [fT&^DIte] #K**CD7c3-f « 
3 0mml:7>J7hl/Tfi^^L*t. 7c3-f;i/© 

0. 5mm, I$2 0mm©U-h^yi/X C7;l/— ^ 

•7-8) (cfcoraiKlTtfefriinu, fm^nfcU-K 

ll£ttA£fe©£0. 3 0 0^H]l:IL^t,C!)^XT' 

XteJtfH'JO. 0 2 5mm ( 'J - Kffi© 5 %) , TV*?! 

-JTfl[€r^fi*?l5 0 0 -> 3 y V/ftXh*. 
[0 0 4 9] <te*>#K»©W2£«S*&S8fc^T. 
[0 0 5 0] 
[£8] 
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1 1 - 2 5 6 2 5 6 



Na 


(kg/inu 2 ) 


(X) 


(XIACS) 


8&tm 

inn) 




25 


43.7 


20.6 


59.6 


o 

y 


U 


26 


82.3 


10.8 


37.3 


7 


O 


27 


68.3 


13.7 


44.6 


7 


O 


28 


64.9 


12.9 


17.5 . 


7 


0 


29 


67.7 


14.2 


45.2 


7 


X 


30 


80.6 


11.2 


38.2 


7 


X 



[0 0 5 1] #SSEIwS£Lfcfc/££^rr*No. 25 
-No. 2 8tt. fiinfc*T&#3!nitt«:^T«c:i:^ 
CtldWUT. No. 2 9te, MgRl/Ai* (S 
e. Te, Sb. Bi) Otc^O*#S^*»9H©TIE 

[0052] mmm 3 > 

<KfSK5»f^>||i6ffl2©No. 2 7££lC^T, 
0. 3 5 7mm^Itn<J^IMt 3l&iE-<7>iI 

We$0. 2 5 mm t 4 4 0-5 0 0 < CC 

in!*LTl$»fflg£fTo&. 

[0053] <fflttm>&T\zm-yj&Tx*>x> 

iCttLT 1 0 0 0 0 ->a -7 hfTft^fcl^^'J- K» 

tffitmi] cesmooo2 &mttmmmm?j& 

izMfeZnT^ZBM&tffeMT^l 0mm, g$35 
3 lTonOMTftWSO. 2 5mmCD 

[0 0 5 4] <K»i^*>je^l€:^9H^r. 

[0 0 5 5] 
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7 
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17 
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[0 0 5 6] miW2 0/im£(TT^No. 27 
-1-No. 2 7-4fc:fcl>TH\ ^^>tr>^A>j£0 

ii&&#2 0 tfm§8A5No. 27-5WNo. 2 
7-6 Kfc^Ttt, 7>*>\f>tf/% U K:*; 

[0 0 5 7] (HM0J4) 
<^^^>^^J2(r^^Tffi^fcNo. 2 7^4 
tjfll^fc. 3^^WJ:t) 1 0 0mOMJ;0 2 5mm 
x 5 0mmOf^#£gj0m , U &$©SfcStf*rTOf 

■MKI&fcfr^, MMK»£Lfc. &M^K^Ti*i* 

SXttl^H^ffSfi ( V GiS ESCALAB — 2 1 0 
D) T$J£L (Mg, Ka\ 15kV, 2 OmA) , V] 

©it (Ols) / (Cu2p) *2&liti£tf-£t>0. 4 

[0058] <u^m>^Tiz^r^mTm{mmm 

OT-^owi^ffliifc. »ffiffi£®illl£ttjMrS« 

M£$J£2s (Taylor Hobs o ng) fcfflV* 
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ftfflm 1 - 2 5 6 2 5 6 



£. 8Bffis<&s*ttj i s-bo 6 o i am 

[0 0 5 9] [K{bM©«#tt] 3 0 orC&ftL*:* 

(SEF IttB^y 
0 1) ©±l^-Sffi»$©K*M-*ia^T3 0»K»DS& 

^^r^iift, MKfcaiu »7tf» 
htt»r-^ uu-x^no. 8 1 o) zmmi* £ 

too6o] <mm^>^^ i o \z^t. 

[0 0 6 1 ] 
[*1 0] 





Ra 


Rmax 




No. 


tin 


Mm 




27-7 


0.05 


0.35 


0 


27-8 


0. 12 


0.74 


o 


27-9 


0.25 * 


1.16 


X 


27-10 


0.44 * 


2.8 





[0 0 6 2] SESSOTa : 0. 2 /zmJkTF. .Rm a 
x:l. 0 tfmEnFT&*>No. 27-7&tfNo. 2 

±IEi£ffl£j&A£No. 27-9WNo. 27-10 

[0 0 6 3] 
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